1. Sixteen Friesian cows were used in Expt 1 to measure the effect of substituting urea-N with fishmeal-N either in early lactation (Part 1) or in mid-lactation (Part 2).
It has been suggested that rumen microbial protein production alone is insufficient to meet the needs of the high-yielding dairy cow (Agricultural Research Council, 1980) . It follows that, for the high-yielding cow, the source of dietary N is likely to be an important consideration; only those food proteins which escape rumen degradation can contribute directly to the supp2y of amino acids to the tissues and it can be postulated that dietary protein sources may be selected to supplement microbial amino acid supply so as to meet precisely the needs of the cow for total amino acids (Kaufmann & Hagemeister, 1975; Satter & Roffler, 1975; Verite et al. 1979; Agricultural Research Council, 1980) . The experimental background against which to test these proposals is still surprisingly weak. The majority of relevant reports come from North America where the comparison has usually been between soya-bean meal and urea (Huber, 1975; Polan et al. 1976; Wohlt & Clark, 1978) . For rations containing more than 120 g crude protein (CP; N x 6.25)/kg dry matter (DM), soya-bean meal generally promoted higher rates of milk production than did urea. Van Horn et al. (1979) reported that soya-bean meal also promoted higher rates of milk production than did cottonseed meal in isonitrogenous diets.
As fishmeal has been reported to be a protein source which escapes rumen degradation to a substantial extent (Agricultural Research Council, 1980) , it might be expected that this could be a particularly effective source of dietary protein with which to manipulate amino acid supply to the intestines. Supplementation of maize-silage diets with fishmeal has been found to increase amino acid supply to the duodenum in growing cattle (Cottrill et al. 1982) and replacement of urea-N with fishmeal-N improved growth rate of young lambs (0rskov et al. 1974) and young cattle (Oldham & Smith, 1982) .
The aim of the experiments reported here was to investigate the effects of replacing urea-N * Viton-N1S alkali-treated straw cubes (Unitrition Ltd).
with fishmeal-N in the diet of cows early in lactation and in mid-lactation, to assess the response of the cows to an increase in amino acid supplied to the intestines at these times. A preliminary report of this work has been published (Oldham et al. 1979) .
METHODS
Expt I Animals andmanagement. Sixteen mature Friesian cows were used in the feeding trial. They were individually housed on rubber mats in concrete standings. The rations consisted of maize silage, alkali-treated straw cubes and concentrates (Table 1) . Half of the daily ration of each constituent was offered at 06.00, the other half at 14.00 hours. These constituents were added separately to the same feed trough. Refusals of food were collected and weighed before the feed at 14.00 hours. Immediately after each feed the cows were milked in the standings. The cows were weighed on Monday and Friday each week.
Part I
Experimental design and rations. This part of the experiment was designed to measure, in early lactation, the production response of cows offered isonitrogenous rations at a fixed level, designed to be below ad lib. intake, containing urea (U), urea+fishmeal (UF; ratio 2 : 1, urea-N: fishmeal-N), urea+fishmeal (FU; ratio 1 : 2, urea-N:fishmeal-N) or fishmeal (F) as the major N supplement. The proportions of all ration ingredients are given in Table 1 together with chemical analysis of the diets.
Before parturition all cows were offered, per day, 5 kg U F cubes, 2 kg Viton alkali-treated straw cubes and 10 kg maize silage (fresh weight basis).
For 14 d after parturition all cows received the same ration. This period was used for adjustment of data for differences between cows by covariance analysis. The level of feeding in this period rose by increments so that on day 14 post partum each cow received, on a fresh weight basis, 9 kg U F cubes, 2 kg Viton alkali-treated straw cubes and 15 kg maize silageld. On day 15 post partum the cows were grouped in blocks of four according to live weight and milk yield, as measured in the period 8-14d, and assigned to one of the experimental treatments: U, UF, FU or F. From days 15 to 84 post partum the daily feed allocation was held constant at 11 ~5 kg experimental concentrate plus 2 kg Viton alkalitreated straw cubes plus 20 kg maize silage (equivalent to 15.9 kg DM/d). One cow (treatment U) refused to eat maize silage and was withdrawn from the experiment.
In the statistical analysis of the data, multiple comparisons between treatment means using analysis of variance were preferred to regression analysis, even though the treatments were clearly structured with uniform increases in fishmeal content of the concentrate. The reason for this choice was that the production responses measured should properly have been related to supply of nutrients absorbed from the gastrointestinal tract and not to dietary intake. Thus use of a dietary factor to define the response variable could be misleading and it was not possible to measure nutrient uptake from the gut so as to define the correct response variable.
Measurements and analysis. Milk yield was recorded daily. Samples of milk were taken for four consecutive milkings from each cow on days 5 and 6 , 8 and 9, and 13 and 14 post partum, and bulked, for each 2-d period, in proportion to yield. Analysis of these samples was used for covariance adjustment of milk composition data.
Thereafter a sample, bulked in proportion to milk yield, was taken for four consecutive milkings every week. Milk samples were analysed for fat, protein and lactose concentration using IRMA (Mark 11; Grubb Parsons Ltd, Newcastle upon Tyne). Live weights recorded on Monday and Friday each week were averaged for weekly means. Samples of jugular venous blood were taken from each cow by venepuncture (Vacutainer system; BectonDickinson, Cowley, Oxford) on days 5, 9 and 14 and on Monday mornings in weeks 3, 4, 5, 6, 8, 10 and 12 after calving. All blood samples were collected between 09.30 and 10.30 hours. These samples were analysed for urea, glucose, haemoglobin, albumin, total protein content and packed-cell volume using methods described by Rowlands et al. (1974) .
Samples of all foods were taken each week, bulked on a calendar monthly basis and analysed for cell-wall constituents (CWC; Van Soest & Wine, 1967) and DM, N, organic matter (OM) and crude fibre (CF) by standard methods.
Part 2
This part of the experiment was designed to compare the performance of cows offered isonitrogenous rations containing either urea (UM) or fishmeal (FM) as the major N supplement in mid-lactation.
The same cows were used as in Part 1. On day 85 post partum they were re-randomized, balancing within treatments U, UF, F U and F to treatments UM or FM. This part of the experiment lasted from day 85 to day 175 post partum. Throughout this period the diet (/d) was held constant at 7 kg of either concentrate U (UM) or F (FM) plus 2 kg Viton alkali-treated straw cubes and 28 kg maize silage (equivalent to 13.8 kg DM).
The level of feeding and proportion ofconcentrates in the ration were changed from Expt 1 so as to reduce the overall plane of nutrition to be appropriate for cows yielding 20 kg milk/d and to lower the concentration of CP in the whole ration while still using the same concentrate formulations as in Expt 1.
Management of the cows was as in Part 1 except that no blood samples were taken. All analyses of milk and food were as described for Part 1. Because of the removal of one cow from the experiment in Part 1, only fifteen cows started this part of the trial (seven on treatment FM). A second cow had to be withdrawn with mastitis from the FM group during the trial.
Expt 2
The aim of this experiment was to measure the digestibility of rations used in Expt 1, Part 1. Means in the same column which do not share a common superscript differ significantly (P < 0.05).
* SE of difference between two treatment means each of four cows with 8 df for DM and CP intakes (there was one cow missing for treatment U) and between two means of four heifers with 6 df for digestibility coefficients. Four non-pregnant, non-lactating heifers were offered rations of the same composition as those used in Part 1 but offered at maintenance level of intake (equivalent to 5.9 kg DM/d). A 4 x 4 Latin square design was used in the trial with 4-week periods. A total collection of faeces was made for the last 8 d of each period as described by Smith (1979) . Samples of food and faeces were analysed for DM, OM, CF and CWC as described above.
RESULTS
Expt 1, Part I Food intake. Cows offered treatment F consistently refused small amounts of food, with the result that DM intake for this treatment was lower ( P < 0.05) than that for the other available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19850041 Urea or fishmeal for dairy cows treatments (Table 2 ). Associated differences in CP intake, although statistically significant, were very small. Intakes of digestible dry matter (DDM) and digestible organic matter (DOM) were calculated by multiplying mean measured DM and OM intakes in this experiment by digestibility coefficients for DM and OM measured in Expt 2 (see below and Table 2 ). Intake of DOM was greatest for treatment FU and least for treatment U, but the difference between these values could not be tested statistically.
Milk yield, milk composition and live-weight change. Lactation curves for the treatment groups are shown in Fig. I . Mean milk yield was lowest with treatment U ( Table 3) .
The first two levels of fishmeal inclusion (UF and FU) significantly ( P < 0.05) increased milk protein yield in comparison with that for treatment U. There was no effect on protein concentration in the milk. The highest level of fishmeal inclusion (F) had no further effect on protein yield but increased milk-fat yield and the concentration of fat in the milk. These effects on milk-fat yield and milk-fat concentration should, however, be viewed with caution as milk-fat concentrations were uniformly low for the four treatments (Table 3) . There were no significant effects on milk lactose concentration or on milk lactose yield. All cows gained in weight from the start of the experimental period (Fig. 2) . Mean weight gains were highest for cows offered U F and lowest for those offered F.
Blood composition. Replacement of urea-N with fishmeal-N significantly reduced blood urea concentration (Table 4 ). There were no other consistent effects on blood composition, although blood glucose concentration was significantly (P < 0-05) higher with U F than with FU .
Expt I , Part 2 Food intake. Intakes of DM for cows offered the urea (UM) or fishmeal (FM) treatments in mid-lactation were very similar (13.53 and 13.58 kg/d respectively, SE of difference 0.05). Intakes of CP were slightly lower for UM than FM (1 542 and 1622 g/d respectively, SE of difference 18-3).
Milk yield and composition. Cows offered UM yielded significantly (P < 0.05) less milk protein than those offered FM (Table 5) . Milk-fat yields were not affected by diet because the fat concentration in milk produced by cows offered UM was significantly (P < 0.001) higher than that for cows offered FM.
Live-weight change. Cows offered FM gained more weight than those offered UM. 
Urea orJishmea1 f o r dairy cows
Expt 2 The digestibilities of OM, CWC and C F were all increased by replacing urea-N with fishmeal-N ( Table 2) . Only the highest level of fishmeal inclusion had no further influence on digestibility.
DISCUSSION
In these experiments inclusion of some fishmeal in place of urea in the ration had a beneficial effect on yield of milk protein, both in early and in mid-lactation. Ekern (1982) has summarized the results of a number of experiments done in Norway in which herring meal was compared with oil-seed meals as a source of N for lactating ruminants. In cows yielding 17-19 kg milk/d he reported no advantage in milk yield from inclusion of herring meal rather than oil-seed meal, but an increase of 3-7% in milk-protein concentration. In goats both milk yield and milk-protein concentration were increased by replacing soya-bean meal with herring meal (Ekern. 1982) . In all of these studies the major forage source was grass silage, rather than maize silage as used in the present experiments.
The results presented here show that the main effect of fishmeal inclusion was to increase the yield of milk protein with little change in the concentration of protein in milk. Similar results were found when fishmeal was given as a protein supplement to cows on commercial farms where the predominant forage was grass silage. In these trials fishmeal inclusion increased the daily yield of protein in milk, a result to be expected if fishmeal increased the supply of total protein to the intestines and the performance of the cows was limited by total protein supply.
In general there was little effect of treatment on the composition of milk in Part 1 of the trial, although milk fat concentrations were uniformly low. It has previously been found (Phipps, 1978) that milk-fat content may be low with maize-silage rations if no long hay or straw is included. Clearly the small amount of ground and pelleted alkali-treated straw included here was insufficient to prevent the milk-fat depression. The proportion of concentrates used in the ration seemed also to play a part. In early lactation (Part 1) concentrate DM represented 0.62 of total DM intake. When this was reduced to 0.44 in mid-lactation (Part 2), milk-fat content in general was increased, but the effect was small with fishmeal and large with the urea treatment.
The difference in milk-fat content between urea and fishmeal in this part of the experiment was large and highly significant in comparison with the other observed treatment effects. It is possible that the presence of fish oils inhibited the restoration of more normal milk-fat levels (treatment UM) when the ratio forage: concentrate was adjusted for Part 2 of the experiment (Nicholson & Sutton, 1971) . The generally low milk-fat levels in Part 1 may have overshadowed such an effect. Alternatively, the presence of fishmeal in the ration in Part 2 may have influenced the rate of digestion of carbohydrates or cell walls in the rumen (McAllan & Smith, 1983) for which the results from Expt 2 give some support. Such an effect could be expected to influence milk-fat content (Sutton, 1982) but no definitive explanation of the observed effects on milk fat can be given as the appropriate measurements were not made. The magnitude of the difference in milk-fat content between treatments UM and FM is, however, noteworthy and was large enough to have important practical consequences.
The scale of the response to fishmeal inclusion, in daily yield of milk protein (14% increase comparing U and U F in Expt 1, Part 1 ; 17% increase comparing UM and FM in Expt 1, Part 2), was similar to the scale of response achieved when cows have been supplemented with casein by infusion into the abomasum (Oldham, 1981) . It appeared that the response in milk-protein yield to replacement of urea-N by fishmeal-N was as great in mid-lactation, when milk yields were only 17-20 kg/d, as in early lactation, when milk yields were 2629 kg/d.
The effect on digestibility of replacing urea-N with fishmeal-N suggests that not only dietary concentration of N (Oldham & Smith, 1982) but also the nature of dietary N can affect digestibility under some circumstances. Since the main effect was on digestion of fibre it seems likely that the main influence was on digestion in the rumen. It has been suggested (Hespell & Bryant, 1979 ) that low-degradability protein sources, like fishmeal, exert their influence on animal performance not just by supplying extra undegraded dietary protein to the intestines but possibly also by acting as slow-release N sources in the rumen. There are some results which show a specific stimulating effect on rumen microbial growth in vitro when pre-formed amino acids, as opposed to ammonia, are supplied as N substrates (Maeng et al. 1976; Cotta & Russell, 1982) . Replacing urea-N with fishmeal-N has been found to increase rumen microbial growth in vivo (Cottrill et al. 1982) and to maintain higher rates of cellulose digestion in the rumen in comparison with isonitrogenous amounts of urea (McAllan & Smith, 1983) .
Substitution of urea-N with protein-N does not always result in improved digestion of food (Poos et al. 1979; Redman et al. 1980; Oldham et al. 1981) so factors other than the nature of the major N source play a part. It is not possible to identify what these may be from the results of the present work. However, it is pertinent to note the importance of conducting a digestibility trial in experiments such as this so that some account can be taken of the influence of dietary treatment on the supply of energy-yielding nutrients. It would have been preferable to have made the measurements of digestibility in cows at the same level of feeding as those in Expt 1 because level of feeding is known to be an important factor influencing the effect of dietary protein on ration digestibility (Oldham, 1984) ; unfortunately, however, this was not feasible in this study. Nonetheless, the effects of treatment on estimated DOM intake played a large part in determining the observed responses. Productive protein output (milk-protein yield plus protein content of live-weight change plus estimated maintenance protein need, calculated according to the Agricultural Research Council (1 980)) was 84 (SE 3.6) g/kg DOM intake for the four treatments in Part 1. This consistent relation between performance and DOM intake accounted for differences in performance equal to predictions of duodenal protein supply based on information in Agricultural Research Council (1 980).
It has been suggested that protein sources with a low-degradable protein concentration, like fishmeal, will exert their greatest influence on production in cows which are in substantial negative energy balance (0rskov et al. 1981) . In the present study the calculated average energy balance [(metabolizable energy (ME) intake) minus (gross energy of milklk,) minus (ME required for maintenance)] of cows in Expt 1, Part 1 was (MJ ME/d) U, + 10; UF, + 13; FU, + 24; F, + 5. For these calculations it was assumed that maintenance needs for ME were 0.51 MJ/kg b o d y -~e i g h t~"~ per d, k, (the partial efficiency with which ME is used for milk synthesis) = 0.63, and gross energy concentrations (MJ/kg) in milk fat, protein and lactose were 38.1, 24.5 and 16.5, respectively.
For the mid-lactation part of the experiment, ration digestibilities were not measured, so precise calculations of ME intake cannot be made. However, on the basis of estimated ME intake (Ministry of Agriculture, Fisheries and Food, 1975) average energy balance in mid-lactation was + 14 and + 10 MJ ME/d for UM and FM respectively. These calculations show that replacing a high rumen-degradable protein ingredient with a high undegraded dietary protein feed such as fishmeal, can improve performance even though the cows are not initially in negative energy balance. However, the causal effects of this response remain to be elucidated.
